An alternative method for the synthesis of mixed-valence oxo-trimer based MOFs consists in substituting, in a controlled manner, some of the constitutive iron(III) cations by other octahedrally coordinated metal cations to have a direct access to two valence states i.e., without requiring harsh activation conditions. Strategies to obtain mixed metal cation based solids have already been applied in MOF chemistry but in most cases consisted in (i) associating different cations of the same charge within the same building unit or (ii) cations of different charges but with different coordination numbers.
14 Post-synthetic modification, such as metalation, is another attractive way to build mixed-metal materials, but this method suffers from a lack of control of the stoichiometry between the two different cations. 15 However, if one attempts to prepare a mixed valence MOF from a direct mixture of iron(III) and metal(II) precursors, one would face the difficulty to prepare materials with the right architecture and a controlled iron(III)/metal(II) ratio. Besides, an elegant method to reach a higher degree of control of the synthesis consists in the use of pre-defined secondary building units (SBUs) to design porous solids with a controlled architecture. This method was previously reported for the design of porous iron(III) dicarboxylate MOFs (MIL-88s) 7, 16 or zirconium(IV) dicarboxylate solids (UiO-66's). 17 It was proven that the structural integrity of the molecular building blocks was retained throughout the synthesis. 18 Here, using oxocentered trimeric mixed iron(III)/metal(II) acetates (M = Co, Ni, Mg) as building blocks, we report the scalable and green preparation of mixed-metal MOFs and show how it strongly impacts the accessibility of their Lewis acid sites. The preparations of nano to microscale MOFs are described and the performances of the materials prepared from different synthetic routes are compared by the authors. 20 The material prepared with an environmentally friendly solvent possesses a rather high surface area (S BET 4 1300 m 2 g À1 ), well within the range of the surface areas obtained using different synthesis conditions. MIL-127 is therefore able to host biologically relevant cargoes 21, 22 and its iron(III) metal sites are beneficial for applications such as biomedicine, 22 separation 3b or catalysis. 23 A series of mixed-metal MIL-127 materials with tailored properties is prepared. We primarily synthesized mixed-metal acetate building blocks using conditions adapted from previously reported protocols 24 ( Fig. 1 and Fig. S1, ESI †) easily be obtained using a 5 L reactor). The formation of MIL-127 solids is confirmed by X-ray powder diffraction (XRPD) (see Fig. S2 -S5, ESI †); Energy Dispersive X-ray spectroscopy (EDX) semi-quantitative analysis (see ESI †) indicated that, in all cases, the controlled iron to metal(II) stoichiometry of ca. 2 to 1 was obtained. Thermal gravimetric analysis (TGA), infrared (IR) spectroscopy and nitrogen sorption analysis were carried out to confirm the purity and integrity of the titled solids (Fig. S8-S10 , ESI †), all of them presenting similar surface areas (B1400 m 2 g À1 )
well within the expected range. It is worth mentioning that direct synthetic approaches using a 2 to 1 ratio of iron(III) and metal(II) salts (chlorides), using similar synthesis conditions, led to either amorphous or recrystallized linkers. This confirms the fact that metal(III) and metal(II) cations do not possess the same chemical reactivity, as expected from the differences in terms of their acidity and metal-ligand bond lability. 57 Fe Mössbauer spectroscopy data were collected at 300 K and 77 K on the mixed-metal MIL-127 MOFs as well as the corresponding starting mixed-metal acetate building block (see the spectra at 300 K Fig. S13 , ESI †). The quadrupolar spectra of both series, which consist of broadened and asymmetrical lines, can be described by means of at least 2 components attributed to HS Fe 3+ species: the comparison of their hyperfine structure reveals some similarities with, however, clearly larger quadrupolar splitting values in the case of mixed-metal MIL-127 MOFs. This is due to the presence of the ligand, which distorts the symmetry around the Fe probe. Nevertheless, it can be concluded from those hyperfine structures that the starting mixed-metal building blocks remain stable during the synthesis. To further confirm that our method allows the preparation of mixed-metal cation MOFs at the microscopic level, in situ infrared spectroscopy analysis was carried out on MIL-127(Fe, Ni) (Fig. 2) . NO adsorption experiments, monitored by in situ IR spectroscopy, have been performed since it has been well established that the n(NO) bands of adsorbed nitrosyls depend on the nature and the oxidation state of the accessible cations. Room temperature NO adsorption on the MIL-127(Fe, Ni) sample activated at 423 K (Fig. 2a) sites. 22 After activation at 503 K, the intensity of this band slightly increased (Fig. 2a  0 ) . It is noteworthy that the sharp n(NO) band at 1874 cm À1 has not been observed for pure iron based MOFs. Its wavenumber is close to that reported for NO interaction with the Ni 2+ cations supported on metal oxides 25 and therefore, it is assigned to NO interacting with coordinatively unsaturated Ni 2+ sites.
When NO was adsorbed at low temperature ( Fig. 2(b) and (b 0 )), an additional sharp band, observed at 1895 cm
À1
, can be assigned to the presence of NO weakly interacting with Fe 3+ . 22 The concentration of NO adsorbed on the cation(+II) species was estimated from their molar absorption coefficient (see Fig. S11 and S12, ESI †). 22 whatever the activation temperature (Fig. 2(a) and (a  0 )) showing that the fraction of reduced Fe sites is low in the mixed metal MOFs (less than 0.08 after activation at 423 K). By contrast, the number of NO/Ni 2+ species (band at 1874 cm
) was much more important. This amount is equal to about 600-800 mmol g À1 for these activation temperatures which implies that most cation(+II) sites were occupied by nickel. The global amount of (Fe, Ni) 2+ was nearly constant after activation at 423 or 503 K.
Considering that the reducible character of the iron(III) metal sites in MIL-100(Fe) or MIL-127(Fe) was related to the departure of the anion (F À or OH À ) compensating the positive charge of the framework, the low reducible character of MIL-127(Fe, Ni) is in agreement with the expected neutral framework in mixed metal frameworks due to the presence of a divalent compensating cation in the trimer units. One could therefore attribute here the presence of a weak residual amount of Fe(II) centers for the mixed cation solids to defects or surface sites. Finally, to demonstrate the impact of the presence of the metal(II) cation within the porous architecture of the metal carboxylates, a combinatorial gas sorption analysis as well as adsorption microcalorimetry (see ESI †) using CO 2 and CO gas probes 26 were performed for the series of metal(II) substituted MIL-127 solids, which are also compared to the pure MIL-127(Fe). Fig. 3 shows the CO adsorption isotherms for MIL-127(Fe) and MIL-127(Fe, Ni) solids after activation to 423 K for 16 hours under vacuum. Indeed, previous studies have confirmed the presence of only Fe(III) metal sites upon activation at this temperature. 22, 30 It is clear that a rather low CO sorption capacity is observed in this pressure range for the pure iron solid, whereas the mixed Fe/Ni MIL-127 solid activated under the same conditions possesses a six-fold larger sorption capacity.
Upon activation at higher temperature (473 K), a clear dependence of the nature of the metal(II) cation is noticeable for the polar CO probe (Fig. S15, ESI † , in agreement with the differences in the enthalpies of adsorption that lie from about À30 to À50 kJ mol À1 at low coverage (Fig. S15a, ESI †) . This order of affinity for the metal(II) sites and CO is in agreement with previous data reported for or MOF-74. 29 Indeed, this can be rationally explained by the electronegativity of these metals, following what is commonly observed through the back donation effect between metal(II) sites and unsaturated molecules. Whilst increasing the activation temperature of the MIL-127(Fe) solid leads to an increase in the CO adsorption capacity (see Fig. 3 and Fig. S15b , ESI †), this is not the case for the mixed valence materials. This trend is consistent with the IR data, which show for MIL-127(Fe) an increase of Fe 2+ only with increasing activation temperature whilst for MIL-127(Fe, Ni) the amount of (Fe, Ni) 2+ is not sensitive to the activation temperature. This suggests an easier availability of the unsaturated metal(II) sites of the mixed metal MIL-127 solids, since their accessibility only requires the departure of the coordinated solvent molecules, which generally occurs at lower temperature than the higher activation temperature necessary to create unsaturated metal(II) sites in the case of the pure iron MIL-127 (473 K). This represents an added value for practical applications, which often prefer low energetic activation conditions. Nonetheless, no significant differences are observed at low coverage (o1 bar) for CO 2 (Fig. S14, ESI †) . Finally, this strategy can be extended to other trimeric building unit based MOFs such as the highly flexible metal terephthalate MIL-88B 7 or the rigid mesoporous trimesate MIL-100 31 based on the Fe/Ni building block, which were successfully synthesized using our strategy (see synthesis and characterization details in the ESI †) as well as other mixed metal MOFs reported during the course of our study. 32 Here, we firstly report the environmentally-friendly and scalable preparation of mixed iron(III)/metal(II) (M = Ni, Co, Mg) acetate building units for the design of mixed metal Fe(III)/M(II) (M = Co, Ni, Mg) porous MOFs of interest with a controlled iron/metal stoichiometry. IR spectroscopy and adsorption studies both confirm a direct accessibility of both Fe(III) and M(II) Lewis acid sites. Further studies will focus on the establishment of a library of mixed-metal MOFs and the analysis of their properties for various relevant applications.
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